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INTENDED LEARNING OBJECTIVES (ILO) 


By the end of this lecture the student will be able 


to: 

1.Describe the structure and antigenecity of viruses causing 
LRTIS 

2.Describe pathogenesis and clinical manifestationsof viral 
LRTIS 


3:Qutline laboratory diagnosis.of.vira! LRTIs. з 


Common Cold 
Pharyngitis 


Upper respiratory tract Otitis Media 
Sinusitis 


Diseases Laryngitis 
Epiglottitis 


Respiratory Croup 
Upper and Lower 
Influenza 


Tract | . 
respiratory Tract Diseases 


Infections Whooping Cough 


Bronchitis 
Bronchiolitis 
Pneumonia 


Pulmonary TB 
Lung Abscess 


Lower Respiratory 


Tract Diseases 
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Trachea 
Right superior lobe 


Right primary =; 
bronchus 
Right middle >< 

ET] 


UU 


ШЇЇ 


Apex of lung 


Left superior lobe 


lobe 3. Primary atypical 


pneumonia 
(interstitial — viral 
mycoplasmal) 


| 


>, 


| 


AN 


Inflammation of the lung affecting the al 


2. Lobar 
pneumonia 
(consolidation - 
bacterial) 

with pleurisy 


Clinical manifestations 


Left inferior lobe 
Right inferior lobe 1. Bronchopneumonia 


l-Fever & Chest pain peces Km) 
PNEUMONIA 


Base of lung 


А * Obstruction of 
2-Cough (dry or productive) „о.тоо 
* TExudate 


- Cough 

= Fever 
3-Dyspnea ra 

- Tachycardia 

- Tachypnea 

- Dyspnea 
Fleural Fain 
Malaise 
Respiratory 


Yellow, Bloodstreaked, 
Rusty Sputum = Infection 
* Opportunistic: 

(РСР) Pneumocystitis 
Carinii Pneumonia 
Mycobacterium Avium 


Lo 


a Complex (MAC) zZ 
А istress с I 
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ida Atypical a 


1-Rapid onset 1-Slower onset No extrapulmonary features 


2-More severe symptoms 2-Less severe symptoms бурса се a pn Sonia) 


Extrapulmonary features 


(loose stools,abdominal 
pain,meningism,facial rash) 


3-Productive cough 3-Nonproductive cough 
4-Dense consolidation 4-Patchy interstitial pattern en TUM ions cunt i cM 
Haemophilus influenzae Mycoplasma, Psittacosis, 
on chest Xray on chest X ray. Group A streptococci Chlamydia (no RB), Q fever (RB+), 


» е Legionnaires’ disease(RB +) Tularemia (no RB) 
Klebsiella pneumoniae,etc. 


5-Causative organism can | 5-Causative organisms can't be 


RB : Relative Bradycardia, + : present 


be isolated on routine isolated on routine culture — 
culture media media —  Á 
BR ———— Right primary Apex of lung 
bronchus Left superior lobe 
Right middle 
‚о ммм lobe 3. Primary atypical 
А . 1 neumonia 
1-Strept.pneumoniae. 1-Legionella pneumophilla (interstitial — viral 
mycoplasmal) 
2-H.influenzae 2-Mycoplasma pneumoniae. 
3-Pseudomonas 3-Chlamydia pneumoniae.& psittaci. en 
. . = (consolidation - 
aeruginosa. 4-Coxiella burnetti. bacterial) 
with pleurisy 
4-Klebsiella pneumoniae. 5-Viruses and fungi. & use ИРИНЕ eer CTR 
(Diffuse — bacterial) 


|e2 Jere elise ee ee Ree ee 


Viral causes of Atypical Pneumonia 


afluenza virus: the most соттор сайѕе 


2-Respiratory syncitial virus. 


Causes of Atypical pneumonia 


= 
3-Adenovirus. о Bacteria 2 Respiratory tract viruses 
Influenza, хола 
; ү 
ou vU tum т sod ins 
о Chlamydophila (C. psittaci, 
SARS -Cov ,MERS-Cov &SARS -Cov -2 C. pneumoniae) о Other viral agents 
o Legionella п Varicella-zoster, measles, 
5-Herpes viruses : in patients with | cell medi a Е tularensis Epstein-Barr virus, CMV. 
п E pestis metapneumovirus, Hantavirus 
Cytomegalovirus, Herpes simplex virus & Varicella Z п B. anthracis 


о Fungi 
Rickettsia o Histoplasma, Blastomyces, 


Coccidioides, Pneumocystis 


о C. burnetii(Q fever) 
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Myxo = affinity to mucin 


mE 


Myxovi ruses 


Orthomyxo ` Paramyxo 
viruses A viruses 


-Smaller 
-Segmented RNA genome 
-Liable to Agic variation 


. P2 кааар 
- Mumps vairus 
- Measles ` rs: 
- Respiratory 


syncytial virus 


-Larger 
-Single piece of RNA 
- Not liable to Agic variation 
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Structure 


A- Family 


Are the only members of the orthomyxoviruses 


NA-driven movement 
( int t with [ 
myxo . interact WI mucins; "ue 
y á Mucin with O-glycans 
t 
glycoproteins on the surface of cells). р, 
N-glycosylated proteins ' 
О They replicate in mucous membranes ?Y^05y25 p (AAA à 
| F 
Epithelial cell | 
of upper and lower respiratory tract. 
Sialic acid MGIcNAc @ Mannose Л Dynamic HA-receptor 
OGalactose []GalNAc interactions 
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PBI, PB2, PA 
(RNA polymerase) 


B-Nucleocapsid 


„a HA (hemagglutinin) 
d mg M2 (ion channel) 


1- Segmented ssRNA genome : 


8 segments MI (matrix protein) 
NA (neuraminidase) —— 
2- Helical М EN m ; ie % Lipid bilayer 
3-Group (type) specific Ags 


egmented (-) strand RNA gene 


on 


Internal ribonucleoprotein divides the virus 


into 3 types: A,B &C 


SR бү 


we 


4-Non structural protein : NS1 


Inhibits production of Interferon 


Enhances viral virulence 


Influenza Viruses E 


C - Envelopel 
Contains 2 projecting glycoprotein spikes : 
Heamagglutinin( HA) & Neuraminidase (NA) 


Subtype ( strain) specific Ags ( Major 
Ags) Р 

Divide type А into 

strains 


Heamagglutinin (HA) 


1-Binds to host cell receptors 
EE. 
Viral entry 
Abs against it neutralize infectivity & prevent disease 


2- Heamagglutination of animal RBCs 


[ m^» 


Neuraminidase 


Hemagglutinin 


ie (Sialidase) 


RNA 
nucleoprotein 


Lipid 
Envelope 


М 1 


Protein M> 
envelope 


N- Acetylneuraminic acid (Sialic 
acid) is the influenza virus 
receptor (hemmagutinin) 


Influenza Virion 


*Allowing attachment 4 
to mucous cells via 

viral hemagglutinin T 
(HA) 


Sialic 
Acid 


Neuraminidase (NA) 


Neuraminidase activity 


1- Cleaves neuraminic acid of infect. | а — Budding virus 
X РЕТ. Neuraminidase cleaves receptor 
Viral release (at end of infection) | е" A LLLI, Hemasslunnin 
А : (= Aie __Release of 
Abs against it 4 viral release & s containing — te e jS new virions 
| , | sialic acid yt m 


2 - Degrade protective mucus in RT £ | 7 ? Эд. 5 a 
= E | ; A Rs“ inhibitors 


Virus gets access to epithelial cells 


(at beginning of infection) 


Accessory proteins 
PBI-F2 

M42 

PA-X 

M3* 

M4* 

NS3* 

NSP* 


*Putative 


Classification of Influenza viruses 


Influenza viruses have Type -specific and subtype(strain)-specific antigens. 
— — 
Internal ribonucleoproteins Hemagglutinin and Neuraminidase 
Influenza A 


Influenza Virus Types 


& Has 18 different types Haemagglutinin (H1 to H18) & 


Influenza A 


DE ™ 
11 different Neuraminidase (N1 to N11) Г — | = 
9 ma TT — 
Each strain is named according to its type of HA &NA e.g. б. 
H1N1 C HANS, H3N2 
T 
& Infects human & other species 


T 


Many species of animals (e.g., aquatic birds, chickens, swine, and hc |Ghicken | H7N7, нама 
H4,5,7,9,10 
have their own influenza A viruses. ED v. b ..- e. EM Ba 
H7N7 P duis 
э, Are the usual cause of epidemics 
| ya 
u > 
Influenza B Wild water fowl 
Duck, etc 
Р i A 
@is only a human virus. Human H1-15; N1-9 
HAN H1N1, m 
@ Cause less severe disease and smaller outbreaks For ig H3N2, HANG 
=e 
H7N7 H5N1 
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H3N2, H13N9 


>! 


A 


Antigenic drift Antigenic shift 


* Type A & В * Type A only due to wide host range ; infects both human & animals: 


* Spontaneous point Pigs,aquatic birds & chicken 


mutation * Genetic reassortment ; 2 viruses of different strains infect a single cell 


Minor change in amino (In pigs : susceptible to avian,human & swine strains) 
| » 
sen Gene segment coding for HA or NA in one strain is replaced by another 


sequence of HA or NA segment from the other strain 


Van nn a m жы = = 


ee ee EEE Y 
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction 
Genome 
segments 


Human influenza 
virion 


ne is ir 


H antigen 


Influenza virion 
from an animal \ 


N antigen 


mics 


— 
Reassortment 
of genome 
segments 


Ми 


М 
Result Host cell 
M 


ANTIGENIC DRIFT ANTIGENIC SHIFT 


Mutation 
#1 


Variation of Influenza Viruses 


Generation of new Human Virus(H3Ne) 
Human HEN Possessing Hemagglutinin from Avian 


— „~ Hemagglutinin 


Virus(H3N8) 


Human H3N2 


C | ay Y 
V 4 Genetic Reassortment © 
Influenza Virus EE | Antiganie Shift 


а 
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| Influenza Viruses _ 


А - Mode of transmission 


l- Inhalation : droplets 


2-Contact : 


a-Direct : hand to hand contact followed by rubbing the по% 


Direct contact 


b-Indirect : via fomites, towels, contaminated surfaces 
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B-Replication 


[] NA degrades protective mucin layer over epithelial cells of RT 
u 


Virus attachment by HA 
a 


Necrosis & desquamation of the superficial layers of resp. epith 


[] Infection is limited to RT as local extracellular protease cleaves | 


progeny virions „| | 


activation <A à 
ad ont WR PO 27 HAO = HAT-HA2 
n = 2 Influenza virus 
Mod ified(active) HA | activation 
> WERE Lo oo ES SL — — РР 


Attachment to host cell MK 
assembly and budding 
of progeny virions 
[] Systemic symptoms are due to cytokine release д S 
\ VRNP formation 
. . . synthesis N 
(viremia is rare) of viral proteins 
Cu E. 

НА: Hemagglutinin ee 


vRNP : viral RiboNucleoProtein 


LU 
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Lamina propria Mucosal epithelial cell Lumen 


ee u ON ^ IgA 


Poly-Ig receptor 
with bound V 


Interferon a & Secretory IgA are the main protective 
immunity 


J chain 


IgA-producing 


d Р i plasma cell ; 
Clinical manifestations Dimeric IgA Endócytosed cleavage 
complex of IgA 
and poly-lg 
i receptor 
A-Local : +Nasal discharge %Dry c Е 
Influenza Pathogenesis 
B-Systemic : 4Fever,headache 4 Муас iin: 
. : | ===> Major contributors to Be Antibody | > | Future protection 
C - Complications: (infants, elderly, pregni pahogenesis к» uil: — — — — onn 
responses 
"n А . : 2. > Immune response = | 
1-Otitis media (children) , & sinusitis е ee ee | 
- Interferon 
2- Bronchitis 
3-Pneumonia 


а.1гу viral pneumonia 


S. aureus Pneumonia | [Secondary bacterial infection | - 
b.2ry bacterial pneumonia (most com pneumococcus | Mor dra — 8 


Group A streptococci 
CNS, muscle 


by Gaureus@Pneumococci HEEL. ee ieu 


Examples of Influenza Viruses in Humans Э 


Ы Pathogenicity of highly pathogenic avian influenza virus 
Infl uenza A H5N 1 ((Avia n fl u) and cytokine response in chickens 


Capillary leakage in the brain 


control infected 


Extensive 
virus proloferation ine | 
edo E» Hyper vascular permeability 
E - : 
Edem „= 
— H 


Pathogenesis 


A - Mode of transmission 


1- Direct spread from chicken 


2-Rare human to human spread АА dsRNA PHA 
www ssRNA I NA 
B- Replication Infect chicken & other birds more effectively than humans (WI -M 


BN 5Ac23 expressing 


receptor 


l- Viral receptor is present throughout the chicken RT 
n d 


Primarily cause avian influenza in chicken 


2-Viral receptor in human is present only in alveoli 


шыш шыш шыш шыш mum шыш шыш шыш шыш шыш шыш шшш шыш шыш шын mm Gum influenza virus 


Mirus replication 
and release 


І 

- І a LI 

| ! Extensive exposure Virus can 

1р 

І " 
rarely | ı reach alveoli 

l | 

N 


Severe pneumonia ! 


Viral peptide 
Immunorecepto 


ines 


Acute respiratory distress syndrome 
Necrosis 
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Specimen 


Nasal or throat swab 
A- Rapid diagnosis 
T 
Allow initiation of treatment within 48 hours 
1-ELIDA : Detection of viral Ag 
2-PCR 
B-Serology 


Rising titer of IgG 


Prevention 
A - Immunoprophylaxis: vaccination 
Most reliable method for prevention 
1-Contents 
Quadrivalent vaccine : most recent isolates of 
H1N1, HgN2 + 2 B strains 


Reformulated every year to contain current antigenic strains 


ҮШҮ 


type ү 
Yamagata Victoria 
2-Effect & Administration : needs to be given every year due to 
a- Short lived protection 
b- Antigenic drift 
3-Types 
U Killed (Inactivated ) 


d  Live.attenuated 
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Inactivated Live 
(killed) attenuated 
Intramuscular Intranasal (nasal 
“ _* Spray) = 
<=. T Secretory IgA 
eem Р sTemperature sensitive 
In chick embryo mutants in chick 
embryo "TP 
macaron Can replicate No replication in 
Persons with T risk to develop ш ОНЕ 
complications & their Roe п санопѕ 
contacts з һу individuals 
i.Extremes of age with no risk for complications 


ii. Immunocompromized 
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patients 


Influenza Viruses 


Binding via 


B -Chemoprophylaxis Sialic acids Henson 


Neuraminidase Hemagglutinin 


Neuraminidase inhibitors (oseltamivir) 
y 
Active against influenza types A and B 


Neuraminidase actic 


Given to exposed non vaccinated еіаегі ып 


of virus in cell ; q 


no hydrolysis 


Release via 
Neuraminidase 
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Structure 
A- Family 


Bunyavirus 
B-Nucleocapsid 
SSRNA 


C- Enveloped 


D- Sin Nombre virus 
A new hantavirus that causes 


a severe disease called 


hantavirus pulmonary syndrome (HPS). 
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Infe« 


codes for an L- 
protein (the RNA dependent 


RNA polymerase); 
codes for two 
surface glycoproteins G1 and G2 
which form the envelope spikes; 
codes for an N- 
protein (nucleocapsid protein). 


: Also known as Four Corners Virus or Sin Nombre Virus 
: Spread through infected rodents and their excretory waste 
: Deadly pulmonary disease 


3 пло of focos 
urn an 


1 Virus contained | MARC, | 
i rodent (есет ayy 


4, = 


5 Acute reas o ^ 
rer story 
distress 


Pat 


A-I 


@Robovirus : transmitted from rodents 
Inhalation of aerosols from excreta ( urine, feces, or saliva) of infected dee 


@ No human to human transmission 


Hantavirus in brief 
B- Site of replication & Effect on cells How the virus spreads to humans 
Ө Virus found @pnfectedfeces / — inhaled 
a — becomes j by 


1-Virus enters the blood & travels throughout the body 


airborne т humans 


=, 


Infects endothelial cells of blood capillary walls. Blood vessel 


2- Induces release of inflammatory mediators 
<> 
Leakage of fluid from capilleries 


S 


Hypotension, pneumonia & shock. 
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Clinical manifestations Hantavirus in brief 
A-Korean hemorrhagic fever (KHF) How the virus р | to humans | 
Ө Virusfound Ө Infectedfeces / ` y inhaled 
in rodent becomes P esses by 
m Petechial hemorrhage feces airborne T humans 
pl || 
2 N EN 
m Shock Symptoms ^ ( iN 
Early Later, 1-2 days p^ | ys 
ш Renal failure he bas Д TM Ww 
« Muscle * Nausea, vomiting © Acute respiratory 
2-Hanta pulmonary syndrome (high mortality) aches + Shortness of breath distress: serious 
infection that 
Characteristics quickly worsens 
e Dry cough,pulmonary edema,shortness of « Most prevalent in rural areas 


« Campers and hikers more likely to catch 
the virus, because tents rest onthe ground 


breath * Cannot be spread between humans 
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@ Acute respiratory failure 


Laboratory diagnosis 
1-PCR :Detection of RNA in lung tissue 


2-Serology : detection of IgM 


Prevention 
Eliminate or minimize contact with rodents by: 


Seal up holes, trap & clean up food sources 
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SUGGESTED TEXTBOOKS { \ 


Review of Medical Microbiology and Immunology, 
Warren Levinson pages 683-694. 


https://www.cdc.gov/ HAI. 


American Journal of Respiratory Critical Care 
Medecine Vol 171. pp 388-416, 2005) 


http://text.apic.org/item37/chapter36pneumonia/all 
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